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Abstract
This study investigated the prevalence of obesity in 1671 Caucasian 11-14 year olds using body mass index (BMI) and fat percentage (F%).  Age and sex-related criteria for both BMI and F% were applied to characterise the individuals as normal, overweight/overfat or obese. Using BMI, 5.6% males and 6.1% females were identified as obese.  F% gave higher values for obesity, 11.9% males and 15.3% females. The prevalence of obesity appears to be in-line with other surveys however; the outcome does appear to depend on both the measure employed (BMI/F%) and the categories used (overweight/obese). Questions are raised by this survey as to whether BMI is underestimating the number of individuals who are obese, given that obesity is a factor of adiposity, and whether the two measures are identifying the same individuals as obese; 23% were categorised differently between the two measures. These issues have implications for both survey and clinical work. 
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Introduction
Concerns regarding childhood and adolescent obesity have grown in parallel to the problem, indicated by the large number of articles published addressing the issue in both academic sources and the popular press. This research group has operated a child and adolescent obesity intervention project for the last 5 years and felt the need to understand the prevalence of obesity in their local population. BMI has traditionally been used for large population surveys (1) to classify body size into normal, overweight and obese. BMI has the advantages of being quick and simple to use and cut-off points and centile curves exist for this population  (2). As obesity and its co-morbidities are more strongly related to adiposity than body size per se (3), body composition was an essential part of the analysis.  Bioelectrical impedance (BIA) has been used in a number of studies to measure the body composition including fat mass and fat percentage (4) and has been demonstrated to be both easy to use and reliable (5). Healthy criteria for fat percentage for children have been generated using BIA making it possible to classify individuals according to their adipose levels into normal, overfat and obese (6).  The aim of this study was to survey the body composition of 11-14year olds in the local population using two measures, the well-established BMI (2) and the newly validated fat percentage for BIA curves (4). 

Method
In order to capture the local population secondary schools within a 20-mile radius of the research centre were asked to be involved in this study. Six schools agreed. School children (aged 11-14 years) were asked to give their verbal assent as well as written consent from their parents before taking part in this study. Less than 3% of the school children chose not to be involved. The research group excluded no person at the measurement stage although the data analysed was biased to include just the Caucasian population because of reference values for fat percentage only being available for this group. This generated a final sample of 1671 Caucasian 11-14 year olds (1018 males and 653 females).  Schools and subjects were coded in order to protect anonymity.  University of Chichester Ethics Committee gave ethical approval. 

Subjects were asked not to eat or drink up to one hour prior to measurement and to empty their bladder immediately before. The height of the children was recorded using a stadiometer and their mass and body composition analysed using Tanita BC-418MA segmental body composition analyser (Tanita, Tokyo, Japan), which has been validated against other accepted methods of analysis (7). A correction of 1kg was made for clothing.

The BMI measurements were categorised according to age and sex using the International Obesity Task Force criteria (7) into normal, overweight or obese.  The fat percentage data were similarly dealt with using cut-off points generated specifically for Caucasian children using the Tanita BC-418MA (6). 

Data were then analysed using Microsoft Windows SPSS version 12 to generate population percentages for each of the normal, overweight/fat and obese categories. The delta values between the two measures were also calculated and are included in table1. 











Results 
Table 1: Percentage of the population falling into either overweight or obese categories according to BMI (kg/m2) and fat percentage, with calculated delta values between the population percentages for these two values. 
GIRLS		OVERWEIGHT/FAT (%)	OBESE (%)	OVER & OBESE (%)
	Age (yrs)	BMI 	Fat %	Δ BMI/Fat%	BMI	Fat %	Δ BMI/Fat%	BMI	Fat %	Δ BMI/Fat%
	11	23.3	12.3	11.0	2.7	6.8	4.1	26.0	19.1	6.9
	12	22.8	12.6	10.2	5.6	13.2	7.6	28.4	25.8	2.6
	13	20.9	10.9	10.0	7.4	20.9	13.5	28.3	31.8	3.5
	14	10.4	10.4	0.0	8.3	14.6	6.3	18.7	25.0	6.3
Girls Mean	19.3	11.6	7.8	6.0	13.9	7.9	25.4	25.4	0
BOYS	11	19.6	16.9	2.7	4.7	10.8	6.1	24.3	27.7	3.4
	12	20.5	14.6	5.9	7.0	13.7	6.7	27.5	28.3	0.8
	13	19.2	15.3	3.9	4.2	9.8	5.6	23.2	25.1	1.9
	14	19.6	11.8	7.8	2.0	9.8	7.8	21.6	21.6	0
Boys Mean	19.7	14.7	5.1	4.5	11.0	6.6	24.2	25.7	1.5
TOTAL	19.5	13.1	6.4	5.2	12.5	7.2	24.8	25.6	0.8


As can be seen from table one approximately a quarter of this population, both males and females fall into the category of overweight/fat and obese for both BMI and F%. However, the prevalence reported may depend entirely upon on the measure and category chosen. BMI appears to identify many more overweight (19.5%) than F% (13.1%) while this trend is reversed for the obese category: BMI 5.2% and F% 12.5%. A total of 236 adolescents: 114 males and 122 females; 23% of the population were differently categorised using the two measures. 

Discussion 
These data may be used in a number of ways. Firstly they add to the current body of knowledge with regard to the prevalence of obesity in the UK Caucasian population.   Comparisons between different surveys are not straightforward because of different ethnic and social groupings employed.  The values ranging for the whole population (means of male and female data) from 17.5%-21.5% overweight and 3.7%-6.3% obese for BMI may be considered comparable with the 16.9-19.3% overweight and 5.5%- 6.9% obese for the same age group, recently published in a mixed-race longitudinal survey (1).  These survey data although identifying a problem are reporting the prevalence of obesity as considerably less than reports in the popular press (see 8for an example).

Secondly this study does raise questions with regard to the disparity in the prevalence reported when different methods are used to categorise the population.  Values range for this population from 12.1%-14.6% overfat and 8.8%-13.8% obese as identified by F%.  If the two unhealthy categories are grouped together then the population statistics generated are very similar for both BMI and F%. BMI identified 25.4% of girls and 24.2% boys as being overweight or obese. The F% criteria categorised 25.4% of girls and 25.7% boys as being overfat or obese. These results may be reassuring for the epidemiologists in terms of the equivalence between the two measures for population surveys when the unhealthy categories are grouped, but should raise concerns for clinicians who would hope to categorise their patients accurately when employing these methods.

The differing proportion of the population that was identified, as being obese is a concern, as the majority of surveys appear to be using BMI and reporting high prevalences of obesity. This study suggests that using F% would categorise an even greater section of the population as obese. The surveys that are using BMI (obese) alone may be underestimating the extent of the problem within their population, a potentially alarming concept given the values reported. 
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Table 1: Percentage of the Population categorised according to available reference criteria.
 		 	Overweight/Fat (%)	Obese (%)	Over & Obese (%)
	n	Age (yrs)	BMI 	Fat %	Δ BMI/Fat%	BMI	Fat %	Δ BMI/Fat%	BMI	Fat %	Δ BMI/Fat%
	73	11	23	12.3	11	2.7	6.8	4.1	26	19.1	6.9
Girls	302	12	23	12.6	10.2	5.6	13.2	7.6	28	25.8	2.6
	230	13	21	10.9	10	7.4	20.9	13.5	28	31.8	3.5
	48	14	10	10.4	0	8.3	14.6	6.3	19	25	6.3
Mean of all Girls		19	11.6	7.8	6	13.9	7.9	25	25.4	0
	148	11	20	16.9	2.7	4.7	10.8	6.1	24	27.7	3.4
Boys	512	12	21	14.6	5.9	7	13.7	6.7	28	28.3	0.8
	307	13	19	15.3	3.9	4.2	9.8	5.6	23	25.1	1.9
	51	14	20	11.8	7.8	2	9.8	7.8	22	21.6	0
Mean of all Boys		20	14.7	5.1	4.5	11	6.6	24	25.7	1.5
TOTAL		20	13.1	6.4	5.2	12.5	7.2	25	25.6	0.8
Percentage of the population falling into either overweight or obese categories according to Body Mass Index (kg/m2) (BMI) and fat percentage (F%), with calculated delta (Δ) values between the population percentages for these two values. 








